Proteins of the Extramacrochaetae and Id subfamily of Helix-Loop-Helix (HLH) proteins are negative regulators of bHLH transcription factors. We cloned a cDNA from zebrafish which encodes a member of the id3 subfamily. High levels of transcripts accumulated in the germ ring and in the embryonic shield. Towards the end of gastrulation, Id3 was highly expressed in the anterior prechordal plate and hypoblast. At later stages, id3 expression was turned on and off in a large variety of tissues within short periods of time. These include the lateral mesoderm, the cornea, the lens, the brain, the neural crest, the retina and the fins. q
Results and discussion
In a screen for Nodal responsive genes (Dickmeis et al., 2001) we identified a 1211 bp cDNA clone, 12A1, with an open reading frame of 116 amino acids containing a helixloop-helix (HLH) domain (Fig. 1B) . The presence of a stop codon 98 bp upstream of the ATG indicated that the cDNA codes for a full-length protein. Phylogenetic analysis revealed that the encoded protein is a divergent member of the Id3 subgroup of HLH transcriptional repressors (Fig. 1A) . In addition to the HLH protein interaction domain, the eight amino acids following the amino-terminal methionine are highly conserved among Id factors. Within this region, a cyclin-E/cyclin-A-CDK2 phosphorylation site is present in the Id2, Id3 and Id4 proteins (Fig. 1B) , and Id2 and Id3 proteins were shown to be phosphorylated at Ser5 during late G1/early S-phase of the cell cycle. This changes the specificity of heterodimerization and abolishes their role in promoting S-phase of the cell cycle (Hara et al., 1997) . Two smaller regions of homology are present between zebrafish Id3 and members of the Id2 and Id3 subgroups, respectively (Fig. 1B, boxed regions) . Thus, conserved features of both Id3 and Id2 subgroups are combined in zebrafish clone 12A1, underscoring the divergent character of this id gene. As the overall sequence homology is slightly closer to that of the Id3 subfamily, we refer to clone 12A1 as zebrafish id3. id3 was mapped on the Tübingen radiation hybrid panel (Geisler et al., 1999) between 44.5 and 47.1 cM from the top of LG17.
We performed Northern hybridization to analyse transcript size (Fig. 2) . In RNA derived from 1 to 8 cell stage embryos, a weak maternal signal was visible which runs at about 1 kb. At early gastrulation and at 24 h, this band became stronger, and additional bands appeared at approximately 1.25 and 3.1 kb. The size of the smaller zygotic transcript suggests that cDNA clone 12A1 corresponds to the full length 1.25 kb mRNA.
By in situ hybridization expression of id3 became visible at about 4.5 hours post fertilization (hpf) in the putative dorsal sector of the germring (Fig. 3A) . Maternal expression could not be detected by in situ hybridization. At the 30-40% epiboly stage, expression expanded around the margin (Fig. 3B) . At 50% epiboly, strong staining marked the future dorsal region while weaker staining was detected in the entire germ ring (Fig. 3C ). Slightly later, at the 60% epiboly stage, expression was detectable in the anterior hypoblast of the shield which represents the early involuting prechordal plate cells (Fig. 3D ). During gastrulation, the initially very narrow band of expression in the germring (Fig. 3C) transformed into a wider band consisting of scattered hypoblast cells (Fig. 3D,E ). This band of scattered cells translocated 3E ). Their morphology suggests that these hypoblast cells are endoderm cells (Warga and Nusslein-Volhard, 1999) , and this pattern is reminiscent to that of foxA2 (axial, HNF3b ), a marker expressed later in the anterior gut tube (Strahle et al., 1993 (Strahle et al., , 1996 .
At the 6-to 9-somite stages, expression was detectable in the polster (Fig. 3F) , the anterior derivative of the prechordal plate, in the notochord and in the lateral mesoderm (Gering et al., 1998) flanking the somites (Fig. 3G,H) . The centre of the tail bud also expressed id3 transcripts at these stages ( Fig. 3I ). At the 9-somite stage, two dorsal stripes of expression marked rhombomeres 3 and 5 ( Fig. 3I) , as revealed by double in situ hybridization analysis with Krox20 (Oxtoby and Jowett, 1993 , and data not shown).
The eye primordium expressed id3 weakly at the 9-somite stage (Fig. 3I, arrow) . By the 16-18-somite stage, strong expression was detectable in the lens and the cornea (Fig.  4A) . Also, expression was observed in cephalic and trunk neural crest cells (Fig. 4A,B , arrowheads, and data not shown). In the nascent forebrain of 18-somite stage embryos, the ventral diencephalon and a group of cells in the ventral telencephalon showed high levels of expression (Thompson et al., 1994) . Asterisks indicate fully conserved residues, : and. indicate conserved residues of strong or weaker groups as defined by (Thompson et al., 1997) . The helix-loop-helix region is indicated by white text, underlaid in black for the two helix regions and in dark grey for the loop region. Light grey shading indicates the conserved cyclinE/A-CDK2 phosphorylation site SPVR. Additional regions of homology between zebrafish Id3 and either the Id2 or the Id3 group are boxed. The GenBank accession number of zebrafish id3 is AY065841. Fig. 2 . Northern analysis of id3 expression. Twenty micrograms of total RNA were loaded in each lane. As a loading control, 28S rRNA was visualized with methylene blue. RNAs were extracted at the 1-8 cell stage (Mat, maternal RNA), 60% epiboly (60%) and at 24 h post fertilization (24 h). Arrows indicate the size of the major transcripts of id3. (Fig. 4B, arrows) . At 24 hpf, expression persisted in the forebrain and the lens of the eye. The embryonic kidney expressed id3 also at this stage (Fig. 4C) . While transcripts were no longer detectable in the lens, the inner nuclear layer of the retina expressed id3 at 48 hpf (Fig. 4D, arrow, G,H,  inl) . Expression of id3 can be detected also in the adult zebrafish eye (data not shown). It is expressed at high levels in cells located between the sclera and iris (Kardong, 2002) and at low levels in cells immediately below the ganglion cell layer.
In the brain at 48 hpf expression was visible in the epiphysis, the telencephalon, the dorsal tegmentum, at the midbrain-hindbrain boundary, in the central hypothalamus and the anterior hindbrain (Fig. 4E,G) . Another new region of expression in the 2-day-old embryo was the developing pectoral fins (Fig. 4F) .
Retinal expression of id3 complements that of Islet1, which defines the ganglion cell layer and the ventral patch. The ventral patch is the earliest site of expression of the neurodifferentiation markers NeuroD and Islet1 in the retina (Korzh et al., 1998) . Also in the brain, expression of id3 could be found in areas associated with less differentiated cells, like the inner germinal layer of the neural tube (Fig. 4G ). This suggests that in the brain and the eye, id3 expression is confined mainly to undifferentiated cells. In the brain, id3 is expressed in the dorsal tegmentum (tg), the central part of the hypothalamus (ht) and the eye. id3-Positive cells occupy the inner layers of the hypothalamus, where less differentiated cells reside. While id3 is detectable in the entire inner nuclear layer of the eye at 48 hpf (D), expression is confined to the inner nuclear layer (inl) of the dorsal peripheral retina at 50 hpf (H). id3 expression,which is initially uniform in the inl (D) becomes patchy (asterisk) and, finally, is turned off in further differentiated regions characterized by expression of Islet1. c, cerebellum; dt, dorsal telencephalon; e, epiphysis; gcl, ganglion cell layer; ht, hypothalamus; inl, inner nuclear layer; it, intermediate telencephalon; l, lens; m, caudal midbrain; onl, outer nuclear layer; ot, optic tectum; r, retina; tg, tegmentum; vp, ventral patch; vt, ventral telencephalon.
Experimental procedures

Cloning and sequence analysis
The id3 cDNA was identified in a subtractive screen for Taram-A inducible genes using a macro-array of a shield stage library (RZPD library no. 637 (Clark et al., 1999, and unpublished) . Details of the screen have been published elsewhere (Dickmeis et al., 2001) . Multiple alignments and phylogenetic tree building were carried out using the Clustal X and W programs (Thompson et al., 1994 (Thompson et al., , 1997 .
Northern hybridization
Total RNA was isolated with the RNeasy Maxi kit (Qiagen) and Northern analysis was carried out using random primed 32 P-labelled 12A1 cDNA and stringent washing conditions (Sambrook et al., 1989) .
In situ hybridization and immunohistochemistry
Embryos were staged according to Kimmel et al. (1995) . In situ hybridization and immunohistochemistry were carried out as described previously (Dheen et al., 1999; Oxtoby and Jowett, 1993) . In situ hybridization on cryostat sections of adult zebrafish was carried out as described (Strahle et al., 1994) .
